Abstract-It has been widely recognized that uncertainty is an inevitable aspect of diagnosis and treatment of medical disorders. Such uncertainties hence, need to be considered in computerized medical models. The existing medical modeling techniques however, have mainly focused on capturing uncertainty associated with diagnosis of medical disorders while ignoring uncertainty of treatments. To tackle this issue, we have proposed using a fuzzy-based modeling and description technique for capturing uncertainties in treatment plans. We have further contributed a formal framework which allows for goal-oriented modeling and analysis of medical treatments.
I. INTRODUCTION It has been widely recognized in the literature that associations between symptoms and medical disorders are uncertain [1] [2] [3] [4] . In other words, it is not known for sure that a set of medical symptoms would indicate a certain medical disorder [3] . In a similar spirit, associations between elements of a treatment plan (namely treatment goals and medical interventions) [5] are also uncertain [6] [7] [8] [9] . In other words, employing medical interventions designed for satisfaction of a certain treatment goal may not fully satisfy that goal [10] [11] [12] [13] . Hence, efficient medical models must capture uncertainties in treatment plans (guidelines).
Fuzzy logic, probability theory, and possibility theory have long been used in medical expert systems for capturing uncertainty of medical diagnosis [4] , [14] , [15] . The existing techniques for treatment modeling [16] however, have mainly ignored considering uncertainties in medical plans. Ying et. al [8] underlined uncertainty of HIV (Human Immunodeficiency Virus) treatment plans by proposing a fuzzy discrete event system for capturing uncertainty in finding an optimal regiment for treatment of HIV infection. Although the work underlines captures uncertainty associated with selection of medical interventions [17] it fails to consider uncertainties of medical interventions themselves.
In this paper, we have proposed using fuzzy logic for capturing uncertainty in treatment modeling of medical disorders. We have further contributed a goal-oriented framework referred to as GOTM (Goal-Oriented Treatment Modeling) which allows for goal-oriented modeling and description of medical treatments. Goal-oriented approach toward treatment modeling in GOTM provides structured arguments for choosing medical interventions [16] that satisfy certain treatment goals [16] . Fuzzy algebraic structure of treatment models in GOTM allows for capturing uncertainty of treatment goals and medical interventions in medical plans.
The remainder of this paper is organized as follows. Section II presents GOTM framework and its application on a hypothetical treatment plan, and Section III concludes our work with a summary of major contributions and future work.
II. THE GOTM FRAMEWORK
Based on our earlier works in software requirement engineering [18] , [19] we have contributed GOTM in order to consider uncertainty in development of medical treatment plans (guidelines). As depicted in Figure 1 , GOTM consists of two main components: 1) the treatment modeling process, and 2) the treatment description process. The process starts with development of treatment model [20] . Treatment model then, will be formally described to allow for automated analysis of treatment plans.
A. Modeling Treatment Guidelines
As explained earlier, treatment plans (guidelines) are technical documents which capture treatment goals and medical interventions required for satisfaction of those goals [16] . Various techniques [21] [22] [23] [24] could be used for development of treatment plans. Modeling and description processes in GOTM nevertheless, are independent of the approach used for development of treatment plans.
The process of treatment modeling in GOTM starts with identification of high-level treatment goals from existing treatment plans. Then high-level treatment goals are extracted and refined into lower-level treatment goals and/or medical interventions. The refinement process continues until all of the treatment goals are refined to achievable medical interventions [18] , [25] . The treatment model of a sample medical guideline is depicted in Figure 2 . Junction points in Figure 2 represent logical AND-operator and their absence denotes OR-operator among treatment goals/medical interventions.
As one example, the OR-operator between i 9 and i 10 in treatment model of Figure 2 indicates that in order to satisfy the treatment goal g 11 , either of medical interventions i 9 or i 10 need to be employed. Also the ANDrelation between treatment goals g 1 and g 2 specifies that both g 1 and g 2 are required for satisfaction of treatment goal S.
B. Description of Treatment Guidelines
As discussed earlier, associations between treatment goals/ medical interventions are uncertain [7] [8] [9] [10] , [12] . In other words, treatment goals/medical interventions may partially contribute [25] , [26] to satisfaction of their higher-level treatment goals in a treatment model. In order to care for this partiality, we have employed a fuzzy-based description process [27] , [28] for describing associations between treatment goals/medical interventions in a treatment model.
The description process employed was first introduced by Mougouei et. al in [19] for capturing uncertainty in modeling and description of security requirements [18] . The process was later successfully adopted for capturing partiality in visibility requirement engineering of commercial websites [29] . The main components of our description process are explained in the following sections.
1) Construction of Fuzzy Grammar of Treatment: A fuzzy grammar [30] of treatment will be constructed to describe treatment model of a medical disorder. Such grammar is identified by a quintuple of GR = (s, G, I, P, µ) where s denotes the top-level treatment goal, G is the set of treatment goals, I is the set of treatment requirements and P specifies the set of Fuzzy Derivation Rules (FDRs).
For treatment model of Figure 2 , G = {s, g 1 , ..., g 11 }, I = {i 1 , ..., i 10 }, P = {p 1 , , p 16 } and S = "top-level treatment goal". The membership function µ specifies the membership value of FDRs as given by (1) . d in (1) denotes the degree to which a treatment goal (requirement) r contributes to satisfaction of a treatment goal g.
FDRs can be identified based on relations among treatment goals/requirements in treatment models of medical disorders. For instance, the derivation rule p 1 (s → g 1 g 2 ) in Table I explains that g 1 and g 2 in treatment model of Figure 2 contribute to satisfaction of top-level treatment goal s. In addition, the fuzzy membership value of p 1 (0.95) specifies that "g 1 AND g 2 " can almost completely satisfy the treatment goal s. The membership values of FDRs will be specified by their corresponding fuzzy membership functions. For instance, µ(s, g 1 g 2 ) = µ(s, g 1 ) = µ(s, g 2 ) = 0.95. 2) Calculation of Impact: Let r 1 , ..., r n to be members of (G ∪ R) * , then r 1 → ... → r n specifies a derivation chain for r n . For a pair of (v, g) in which v denotes a treatment requirement and g denotes a treatment goal on a derivation chain of v, impact is given by the membership function µ ∞ (g, v) where µ ∞ (g, v) specifies the strongest contribution of v to satisfaction of goal g.
The value of µ ∞ (g, v) is calculated through taking supremum over membership values of all derivation chains which generate v. The membership value of a derivation chain is calculated by taking minimum over membership values of all FDRs on that derivation chain. Equation (2) demonstrates the calculation of impact. Fuzzy operators ∨ and ∧ denote fuzzy OR (maximum) and fuzzy AND (minimum) operators respectively [31] . 
As one example for calculation of impact, µ(i 5 ) is calculated for the requirement i 5 in treatment model of Figure 2 . For i 5 to be generated, there are two derivation chains in treatment model of Figure 2: 1)s → g 1 → g 3 → i 1 , and 2)s → g 2 → g 3 → r 1 . And so, we have:
The impact values for treatment requirements of Figure 2 are listed in Table II . For each treatment requirement r, different impact values are calculated with respect to different treatment goals on the derivation chains of r. For instance, µ ∞ (s, i 6 ) = 0.7, and µ ∞ (g 7 , i 6 ) = 0.85.
III. CONCLUSION AND FUTURE WORK
This paper has proposed caring for uncertainty in treatment modeling of medical disorders. To this end, we have proposed using a fuzzy-based technique for modeling and description of treatment models. The algebraic structure of the proposed modeling and description technique allows for capturing uncertainties of associations between goals/requirements of treatment guidelines. We have further contributed a goal-oriented framework which allows for goal-oriented modeling and description of treatment guidelines. Goal-oriented approach toward modeling treatment guidelines in GOTM provides structured arguments to choose from medical requirements those satisfying particular treatment goals. We are extending the work by implementing a tool based on the GOTM and studying a real world medical plan.
